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Abstract: In this paper, we analyze the labor productivity of “knowledge-intensive services” (KIS)
located in the four larger metropolitan areas in Mexico. We discuss the accepted explanation to
why big cities concentrate the best and most qualified jobs and activities that generate innovative
and technological change and therefore labor productivity. In Mexico this is the case for some
knowledge-intensive sectors, but some paradoxes emerge when services are disaggregated by
analytical, synthetic, and symbolic categories. We use disaggregated economic census data for 2004
and 2014 to find changes in labor productivity in those KIS sectors compared to the metropolitan
service economy. In fact, we can identify different spatial logic according to the type of knowledge
that KIS produce. Results show unexpected paradoxes in terms of type of KIS category viz a viz their
location and growth performance in the four larger metropolitan areas.
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1. Introduction

Knowledge-intensive services (KIS) are a key factor in the global economy due to their function
in innovative processes [1], their capacity in adopting and embodying technological change [2],
in employing qualified workers [3], reaching high productivity, and generating growth and wealth [4].
KIS include industries focusing on science, engineering, biotechnology, as well as financial, legal health
services, and also art and culture as well as highly sophisticated leisure activities [5,6].

Evidence shows these types of activities tend to locate in the larger national urban centers [7–9].
Two arguments are advanced to explain this tendency: first, human capital is usually located in
those large cities and, second, the dense urban context provides learning conditions and exchange of
knowledge opportunities. Camagni’s [10] spatial innovative milieu concept provides the rationale to
understand the cultural meaning of agglomeration economies generated by large metropolitan areas
and how these are taken advantage of by specialized occupations finding opportunities to interact
and exchange knowledge in a spatial proximity that assures face-to-face contact. These attributes do
accelerate the rate of exchange of knowledge (codified and informed or tacit), technological innovation,
productivity growth, and value generation, at least in developed countries [11,12].

Our approach is based on Piore and Sabel [13], who in the early nineteen-eighties acknowledged
that the “second industrial divide” was transforming the economic performance of industry and thus
changing the traditional economic structure that Fisher [14] and Clark [15] at the time divided into
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primary, secondary, and tertiary sectors. The main problem in still using this traditional division
to describe the structure of the economy, as was indicated, among others, by Piketty [16] (p. 108,
note 17), is the fact that services dominate in most cases. He notes that: “[ . . . ] services require
between 70–80% of the work force in both developed and developing countries . . . based on his fact,
the conventional sectors are not pertinent and provide little information on the trades and services
provided . . . ”. Therefore, we classify data heuristically as follows: no matter the economic activities,
there are those that use knowledge intensively and those that do not need to do so and are carried out
rather routinely by non-qualified workers [17] (p. 335). It is therefore possible to classify economic
activities dividing knowledge-intensive activities performed by creative workers from those carried
out routinely by a labor force poorly educated and with low qualifications. The question is, can these
processes also be recognized in large urban centers in the Global South? A relevant question, since
studies on those numerous large metropolitan areas in developing countries are relatively few (directly
on the subject: [18,19]; related to the topic: [20–22]).

To describe the interrelated effects of agglomeration economies in these activities, we measure
the pattern of concentration of services according to intensity and type of knowledge and its
relationship with labor productivity in the four larger metropolitan areas in Mexico: Mexico City
Metropolitan Area (MCMA), Guadalajara Metropolitan Area (GMA), Monterrey Metropolitan Area
(MMA), and Puebla-Tlaxcala Metropolitan Area (PMA). Our central hypothesis argues that despite the
marginal position of our cities in the world urban system [23], knowledge-intensive services (KIS),
as they occur in developed countries, are mainly concentrated and reach the highest productivity
levels in the larger metropolitan areas. The results partially corroborate our hypothesis. Although KIS
present levels of productivity and wages above the national average in the four larger metropolitan
areas, these levels have decreased to levels close to those of ‘non-knowledge-intensive’ activities.
These results represent a “paradox” [24,25] on the idea of considering KIS as possible “engines” of
economic growth in large cities on the global periphery, as they represent evidence contrary to that
expected by the literature. We divide the text in four sections in addition to this introduction. In the
second section, we point to changes in the structure of the economy emphasizing the importance of
KIS, and their effects on wage levels and labor productivity, highlighting the relationship between
KIS and large cities. In the third section, we specify the sources of information and data used in our
analysis; next, we discuss findings and finally we present some conclusions.

2. Knowledge, Economic Transformation, and the Urban Milieu

Developed countries have experienced an economic transformation resulting in a decline in
manufacturing employment (blue collar/middle income) and growth in service employment (white
collar/high income). This transforming process has produced a sound division or polarization
in the urban labor market. On the one hand, jobs requiring high content of skills (high skills),
knowledge, and creativity; on the other, a large diversity of jobs that require low or no special
skills or knowledge [26–28]. The first, defined in this paper as KIS, includes jobs with high salaries,
highly productive [29], even larger than those in capital-intensive activities in agriculture and
manufacturing [30,31]. Results are based on the role these activities play as “innovators” [32] or
as “bridges” [33] in technological innovation processes, scientific discoveries, and artistic-cultural
creations [1]. The second represent a broad group of “non-knowledge-intensive service” (NKIS) jobs
with low salaries and poor productivity levels [34].

This polarizing process between both groups of services is attributed to (i) technological change
(fourth industrial revolution) [35]; (ii) globalization [36]; and (iii) increased need of employment
standards in production and consumption services (not necessarily excluding each other) [37]. The result
is reflected in a demand for jobs based on knowledge and (specialized) high-skills jobs accompanied
by a strong demand of low salaries jobs producing an increasing gap between both types of service
employment [38,39].
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To identify the changes indicated previously some authors have proposed an alternative
classification that distinguish intensity and type of knowledge involved in any activity [2,16,40,41].
However, proposals usually present two limitations. First, they focus on the study of ‘Business Services’
and do not recognize that workers with high levels of knowledge and skills produce some consumer
services. Among those, “[ . . . ] design professions like architecture, engineering and planning, fashion
and industrial design; creative and cultural industries, ranging from live performing arts though
galleries and museums to the print and electronic media; education and research; health services
for an ageing and health-conscious population; and both business and leisure tourist services” [42]
(p. 811). Second, they offer no information about the function of knowledge-intensive services (KIS) in
the generation of scientific discoveries, technological innovations, and artistic creations. Asheim [43]
provides an alternative framework by classifying service industries in analytical (scientific knowledge),
synthetic (technical knowledge), and symbolic (artistic and cultural knowledge) service categories.

The previous changes have specific spatial dimensions. Manufacturing jobs were lost in larger
cities but relocated to other urban centers both nationally and globally [36]. At the same time,
a substantial growth of services employment occurred in the larger cities [11]. In this process, KIS have
shown outstanding levels of spatial concentration and growth rates in the city that occupies the first
position of the urban hierarchy. The big city concentrates the most advanced, innovative, productive,
and better-paid jobs, while the same services located in other cities of the urban system do not have the
same positive results. The literature is overwhelming in pointing to this relationship between city size
and KIS location (some examples are: [12,18,19,44–50]). NKIS, on the other hand, have shown a slower
growth rate and a spatial distribution more associated with the demographic weight of the cities that
make up the urban systems.

The spatial concentration of KIS and its positive results in large cities have two possible explanations.
In the first, the key element is the composition of the labor market of large cities [51]. It assumes a gap
in the educational level of workers who live in large cities and those located in other cities of the urban
system. That is to say, the most productive and innovative workers prefer big cities; thus, firms located
in those cities benefit from higher productivity and offer better wages [52]. The second perspective
underline the advantages offered by large urban agglomerations [18,50,53]. These advantages are more
oriented to the possibility of transmitting ideas and knowledge than tangible goods [54]. Emphasis is
placed on the physical environmental conditions offered by large cities that stimulate the exchange of
knowledge and expose individuals to learning. According to Storper and Venables [55], in addition to
backward and forward linkages, firms benefit from access to markets, while the clustering of workers,
and localized interactions, promote technological innovation [56,57].

The key in the previous argument is face-to-face (F2F) contacts. In the big cities, these are
facilitated by spatial proximity, and accelerate the rate of exchange of tacit knowledge, technological
innovation, and productivity growth [11,58,59]. The innovative milieu found in large urban centers
with high densities, diversified economic structure, and urban amenities is key to understanding
the possibilities of personal contacts which occur on many levels at the same time—verbal, physical,
contextual, intentional, and non-intentional—in formal (education institutions) and informal urban
places (coffee shops, bars, parks, etc.) [60–62]. In practice, the exchange of knowledge by F2F contact
is not linear. Gertler [63] (p. 91) indicates that it “depends on much more than spatial proximity,
cultural affinity, or corporate culture. It depends on institutional proximity—that is, the shared norms,
conventions, values, expectations, and routines arising from commonly experienced frameworks of
institutions.” Through those contacts, workers can have positive spillovers and companies get ideas
from their workers and their highly trained suppliers [64].

The previous theoretical positions rest on two premises that we discuss here. First, large cities,
due only to their size, meet the conditions (economies of agglomeration) that encourage high spatial
concentration and outstanding economic development of KIS. However, this idea does not consider
the possible differences between economic contexts where KIS can develop; for example, the basic
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difference between developed and developing countries. Second, these conditions have a positive effect
on KIS regardless of their productive orientation or the type of knowledge they develop over time [65].

Thus, a few questions:

(i) Do larger Mexican metropolitan areas concentrate the best and most qualified employment of
KIS, as in big cities of developed countries like Canada or England?

(ii) Do agglomeration economies have a similar effect over KIS, independently of its type
of knowledge?

(iii) And if so, is the positive effect constant over time?

3. Data and Methodology

3.1. The Four Cases

The Mexican government has officially defined metropolitan areas. A metropolitan area combines
an urban agglomeration (the contiguous, built-up area) with settlements not necessarily urban in
character, but closely bound to the center by employment. These outlying areas, known as a commuter
belt, may extend well beyond the urban center’s jurisdiction [66]. The four most populated, with 21,
4.8, 4.7, and 3 million inhabitants in 2015, are respectively: (1) Mexico City Metropolitan Area
(MCMA), (2) Guadalajara Metropolitan Area (GMA), (3) Monterrey Metropolitan Area (MMA), and (4)
Puebla-Tlaxcala Metropolitan Area (PMA). Different geographic and economic attributes distinguish
them. MCMA is the political and still the most important economic center in the country. Fifth in size in
the world, it is historically the national metropolis and the country’s capital [67,68]. GMA is the second
in size and the cultural and economic urban center for the country’s western territory. MMA is third
and the connection to the US markets in financial, industrial, and cultural areas. PMA, a city 240 km to
the east of Mexico City, keeps its traditional character as a cultural and historical center. (Figure 1).Urban Sci. 2020, 4, x FOR PEER REVIEW 5 of 19 

 

Figure 1. Mexico: Large Metropolitan Areas of Mexico. 

3.2. Data and Indicators 

For information on employment, value-added, and paid salaries, we used data from the 2004 

and 2014 economic census [76,77]. Based on the standard classification of economic activities (North 

America Industrial Classification System, NAICS-2007), Santiago [78] identified a very detailed set of 

disaggregated service sectors in production and consumption (five digits) that use knowledge 

intensively (Table 1). 

Table 1. Definition of knowledge-intensive services (KIS) categories. 

Activity by Type of Knowledge NAIC Classification by Sub-Branch 

Analytic knowledge  

University education 61131 

Specialized medicine 62231 

Research and development 54171, 54172 

Synthetic knowledge  

High-tech engineering 54133, 54136, 54151, 54169 

Administration services 54121, 54161, 55111 

Legal services 54111, 54112, 54119 

Financial services 52111, 52221, 52222, 523111, 52391, 52399 

Technical education 61121, 61141, 61143, 61163 

Non-specialized medicine 62111, 62121, 62131, 62132, 62133, 62134, 62139, 62211, 62221 

Diverse services 54162, 54193, 54194, 54199, 61171 

Symbolic knowledge  

Massive communication media 
51112, 51113, 51511, 515122, 51521, 51913, 54181, 54182, 54184, 

54186, 54191, 54192, 61162, 71121, 71131, 71132, 71141 

Figure 1. Mexico: Large Metropolitan Areas of Mexico.



Urban Sci. 2020, 4, 58 5 of 19

The four metropolitan areas have been subject to government efforts to develop specialized
clusters in high tech in order to position them in a global perspective [69,70]. Nevertheless, except for
MCMA, they are still far away from the global cities (London, New York, Paris, Tokyo) or the Asian
emerging metropolis (Shanghai, Beijing) in global rankings (i.e., [71–74]). Only Mexico City appears as
a Beta World City next to Sao Paulo, Brazil. Additionally, Tijuana, a Northern border city, is mentioned
as with “minimal evidence of world city formation” [23]. However, as peripheral “actors”, the four
play a functional role in the world economy [67,75].

3.2. Data and Indicators

For information on employment, value-added, and paid salaries, we used data from the 2004
and 2014 economic census [76,77]. Based on the standard classification of economic activities (North
America Industrial Classification System, NAICS-2007), Santiago [78] identified a very detailed set
of disaggregated service sectors in production and consumption (five digits) that use knowledge
intensively (Table 1).

Table 1. Definition of knowledge-intensive services (KIS) categories.

Activity by Type of Knowledge NAIC Classification by Sub-Branch

Analytic knowledge
University education 61131
Specialized medicine 62231
Research and development 54171, 54172

Synthetic knowledge
High-tech engineering 54133, 54136, 54151, 54169
Administration services 54121, 54161, 55111
Legal services 54111, 54112, 54119
Financial services 52111, 52221, 52222, 523111, 52391, 52399
Technical education 61121, 61141, 61143, 61163
Non-specialized medicine 62111, 62121, 62131, 62132, 62133, 62134, 62139, 62211, 62221
Diverse services 54162, 54193, 54194, 54199, 61171

Symbolic knowledge

Massive communication media 51112, 51113, 51511, 515122, 51521, 51913, 54181, 54182, 54184, 54186, 54191,
54192, 61162, 71121, 71131, 71132, 71141

Cultural activities 51211, 51219, 51222, 51223, 51224, 61161, 71111, 71112, 71113, 71151, 71211
Design 54131, 54132, 54141, 54142, 54143, 54149

Source: Santiago [78] (pp. 133–135).

We present results on the spatial distribution of KIS categories in these four metropolitan areas.
We examined two variables: employed personnel and value-added. The level of concentration of
employed personnel was measured by:

pij = nij/Nj, (1)

where pij = percentage of employment of KIS type i in city j; nij = number of people working in KIS
type i in city j; Nj = total employment in KIS in city j (depending on the variable, the total of reference
could be employment or value-added).

The presence of KIS (or other economic sector) in city j was measured by the location quotient:

LQij = (eij/ej)/(Ei/E), (2)

where LQij = location quotient of KIS (analytic, synthetic, and symbolic) in metropolitan area j;
eij = employment of KIS (analytic, synthetic, and symbolic) in metropolitan area j; ej = total population
in metropolitan area j; Ei = employment of KIS (analytic, synthetic, and symbolic) i in the four
metropolitan areas; and E = total population in the four metropolitan areas.

We defined the labor productivity of KIS (2004 and 2014) as a measure of output to a single
or a bundle of inputs [79] (pp. 12–13), relating total value added over total employment [48]
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(p. 608). Although clearly the preferred productivity measure would be value-added per hour,
Haltiwanger et al. [80] point out that there is a close correspondence both conceptually and in terms of
measurement between this measure of gross output at the establishment level and the industry-level
measures. The standard measure of labor productivity at the detailed industry level is output per
hour [48].

Labor productivity of KIS (and another economic sector) was estimated by:

q = Qit/Lit, (3)

where q = Labor productivity; Qit = value added of KIS (and other economic sector) in metropolitan
area i at time t; Lit = employment of KIS (and other economic sector) in metropolitan area i at time t.

To know if better salaries are offered by KIS located in the four larger metropolitan areas, general
average salary was used as a benchmark to compare with KIS salaries. We calculated the average
salaries through a simple relationship between the total remunerations generated by KIS and their
employment in 2004 and 2014 by:

s = Rit/Lit, (4)

where s = salary per capita; Rit = total salaries paid to KIS employment (and other economic sector) in
metropolitan area i at time t; Lit = labor input of KIS (and other economic sector) in metropolitan area i
at time t.

Concentration and specialization in 2014 compared with 2004 show the actual importance and
orientation of KIS and its evolution. After presenting some descriptive statistics we examine KIS
participation, concentration, and distribution in the four metropolitan areas in 2014 according to the
mentioned categories of analytical, synthetic, and symbolic services; then, we proceed to a detailed
analysis of labor productivity and salaries of those categories between 2004 and 2014.

4. Results

In 2014, of the total 21.5 million formal jobs (personal ocupado) more than seven out of ten were
concentrated in services, commerce, and transport activities (38% in services and 33.2% in commerce
and transport). However, more than nine out of ten of those were NKIS. KIS represented 7% of the
total service employment but their participation in value-added was overwhelmingly above this figure
(Table 2).

The four metropolitan areas concentrated around 45% of employment and 74% of value-added
of total KIS in 2014. The employment decline (3%) during the period can probably be explained
by decentralization of economic activities and population to the rest of the national urban system.
However, symbolic KIS increased their metropolitan participation. On the other hand, analytical KIS
more than doubled average national growth (Table 2). These data provide an idea of the importance and
general characteristics of KIS in Mexico and their propensity to locate in the four larger metropolitan
areas in the country. In the following paragraphs we analyze exclusively what happens in these
four metropolis.

4.1. Location

In general, the levels of relative concentration of KIS employment do not follow the demographic
weight of the four national metropolises. Two main KIS nodes in the country were identified: MCMA
and MMA. In these two metropolitan areas the levels of relative concentration of KIS employment are
higher than the metropolitan average (LQ > 1.00). Both GMA and PMA participation remain below
the metropolitan average (Figure 2). Contrary to expectations, the concentration levels of the KIS are
only higher than the NKIS in MCMA, while in the other three cases the presence of KIS is relatively
lower than the NKIS; especially in MMA.
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Table 2. Mexico and metropolitan areas: concentration of employment and value-added by knowledge
categories, 2004 and 2014.

Employment Added-Value (Millions of Pesos, 2012 = 100)

Mexico 4 Metropolis a Mexico 4 Metropolis a

2004 2014 2004 2014 2004 2014 2004 2014

Total 16,244,843 21,581,179 6,243,357 8,090,774 5,011,371.2 5,801,664.0 2,159,399.1 2,437,375.1
Services b 5,231,918 8,214,554 2,133,026 3,372,131 1,503,280.6 1,695,485.0 933,808.2 1,084,251.6

KIS c 1,192,134 1,628,575 575,792 739,284 788,297.5 680,626.2 605,064.4 502,613.9
Analytical 153,732 282,835 60,261 105,545 34,351.8 44,062.0 17,476.6 19,160.7
Synthetic 808,389 1,049,029 407,546 483,722 681,527.8 590,459.5 543,723.6 456,376.9
Symbolic 230,013 296,711 107,985 150,017 72,417.9 46,104.7 43,864.1 27,076.2
NKIS d 4,039,784 6,585,979 1,557,234 2,632,847 714,983.1 1,014,858.8 328,743.8 581,637.7

Other sectors e 11,012,925 13,366,625 4,110,331 4,718,643 3,508,090.7 4,106,178.9 1,225,591.0 1,353,123.5
Percentage (%)

Total 100.00 100.00 38.43 37.49 100.00 100.00 43.09 42.01
Services 100.00 100.00 40.77 41.05 100.00 100.00 62.12 63.95

KIS 100.00 100.00 48.30 45.39 100.00 100.00 76.76 73.85
Analytical 100.00 100.00 39.20 37.32 100.00 100.00 50.88 43.49
Synthetic 100.00 100.00 50.41 46.11 100.00 100.00 79.78 77.29
Symbolic 100.00 100.00 46.95 50.56 100.00 100.00 60.57 58.73

NKIS 100.00 100.00 38.55 39.98 100.00 100.00 45.98 57.31
Other sectors 100.00 100.00 37.32 35.30 100.00 100.00 34.94 32.95

Change 2004–2014
Total 32.85 29.59 15.77 12.87

Services 57.01 58.09 12.79 16.11
KIS 36.61 28.39 −13.66 −16.93

Analytical 83.98 75.15 28.27 9.64
Synthetic 29.77 18.69 −13.36 −16.06
Symbolic 29.00 38.92 −36.34 −38.27

NKIS 63.03 69.07 41.94 76.93
Other sectors 21.37 14.80 17.05 10.41

a It is the sum of the four larger metropolitan areas: Mexico City, Guadalajara, Monterrey, and Puebla. b It is the
total of services sector and it is the sum of KIS and NKIS. c KIS (analytical, synthetic, and symbolic) from Table 1.
d NKIS is formed by the sub-branches (5-digits) that are not defined as KIS of the following sectors: (51) Information
in mass media, (52) Financial an insurance services, (53) Real estate, (55) Corporate, (56) Business support services
and waste management, (61) Educational services, (62) Health and social assistance services, (71) Cultural, sport
entertainment and recreational services, (72) Temporary accommodation and food services, and (81) Other services
except government activities. e It is the sum of (11) Agriculture; (21) Mining and extraction; (22) Electricity;
(23) Construction; (31, 32) Manufacture; (43, 46, 48, and 49) Trade and transportation. Source: [76,77].

Distribution of KIS in 2014 was like 2004 but some changes were observed. KIS showed negative
growth in MCMA and an increase in the other three. The results indicate a tendency to reduce the
gap between MCMA and the metropolis that follow in size. An explanation of this trend could be
related to the needs of KIS activities to relocate following demand given decentralization processes
in the national urban system (Figure 2A). However, although the increase in KIS in GMA and MMA
was similar, their economic trajectories were not. The increase of KIS in MMA was accompanied by a
significant growth of NKIS, while in GMA the opposite occurred (Figure 2A). This result offers clues to
important differences in the production of wealth and wages of KIS between both metropolitan areas,
as will be discussed in the following paragraphs.

If we consider KIS categories (analytical, synthetic, and symbolic) we can identify different spatial
logics according to the type of knowledge that KIS produce. In 2014, the importance of symbolic KIS
was related positively to the size of the metropolitan area. Except MMA, the concentration of analytical
KIS was inversely related to the size of the metropolitan area. Synthetic KIS were concentrated
in MCMA and MMA, the two traditional economic urban centers of the country. Changes during
the period indicate that: (i) analytical and symbolic KIS increased their importance only in MCMA,
and (ii) synthetic KIS decentralized from MCMA to the other three metropolitan areas. Previous
results suggest two different spatial logics. The first is that analytical and symbolic KIS respond to
agglomeration economies; the second, synthetic KIS locate close to clients, with the industrial MMA a
clear location (Figure 2B).
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Figure 2. Larger metropolitan areas: KIS and no knowledge-intensive services (NKIS) location quotient,
2004 and 2014. (A) KIS and NKIS location; (B) KIS by type of knowledge location.

4.2. Productivity

In México, KIS productivity levels (q = 0.42) are above the national median (0.26). Productivity of
KIS is only below mining and extraction (6.08) and electricity production (1.13). KIS are just above
manufacturing (0.33). However, these last results are different in the four larger metropolitan areas.
In general, city size has a positive effect on KIS as far as productivity levels are concerned. Productivity
of KIS located in the four larger metropolitan areas (0.68) is almost double (1.6 times) in relation to the
country’s (see Table A1 in Appendix A).
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Differences among the four metropolitan areas are significant. Levels of productivity are supposed
to be associated with size of the urban centers, but in MCMA (0.78) and MMA (0.76) these are much
higher. Still, in MCMA the expected level according to size is not met, while it is much larger than
expected in MMA according to its size. KIS productivity in GMA (0.18) and PMA (0.11) is significantly
lower than the metropolitan average, and even their value is just higher than the NKIS (0.09 and 0.08,
respectively) (Figure 3A).

 

2 

 

 Figure 3. Mexico and four larger metropolitan areas: Productivity of services industries, 2004 and 2014.
(A) KIS and NKIS; (B) KIS by type of knowledge. Source: Table A1 in Appendix A.
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The relationship between level of productivity and salaries paid (which are analyzed in the next
section) in metropolitan areas according to population size was analyzed using a non-parametric
statistic test, chi-square (X2). Although the overall result of the test indicates that the productivity and
salary levels of KIS are related to the size of the large metropolis of the country, the values observed
in the MCMA are lower than expected according to size, while the value of the same indicators are
above what was expected in the MMA. That is to say, in spite of the magnitude that the KIS reach
in both indicators in the MCMA, they receive greater benefits in the MMA considering the size of
both metropolis.

The benefits obtained by KIS located in large cities vary according to the type of knowledge they
develop. Synthetic KIS is the category with the most important levels of productivity in the four
larger metropolitan areas. For analytical and symbolic KIS, productivity is higher in metropolitan
average than in the national average, although not substantially. Productivity of synthetic KIS located
in MCMA and MMA is greater than the one obtained by the same services in any of the other two
metropolitan areas. MCMA is the only metropolis where the analytical and symbolic KIS obtain
productivities above the metropolitan average (Figure 3B).

During 2004 and 2014, differences in levels of productivity were reduced among economic sectors,
with larger reductions in KIS and mining and extractive industries (Table A1 in Appendix A). The loss
was associated with size, as productivity in the metropolitan areas was reduced 1.5 times compared to
national average. If we break down the metropolitan group, the reduction can be attributed mostly to
KIS located in MCMA, while those in MMA improved their productivity level. This last particularity
is similar when distinguishing the type of knowledge developed by KIS. The outcome of the previous
changes was the reduction in the productivity gap that exist between KIS and NKIS (Figure 3A).
The significant reduction in the productivity levels of the KIS is contrary to what is expected by the
literature; in the final section we reflect on this.

4.3. Average Salaries

The average salary received by personnel employed in KIS (s = 0.09) is above the national median
(0.07). The average salaries of KIS are only below those received in mining and extraction activities
(0.29), and electricity production (0.27). As in the previous indicator, city size has a positive effect on
the salaries of economic activities in general. The KIS located in the four metropolises get 1.3 times
higher than those activities in the national average. However, this indicator is much lower than mining
and extractive activities and electricity at the metropolitan level (Table A2 in Appendix A).

Metropolitan group differences are remarkable, as average paid salaries is 1.6 times higher in
MCMA (0.15) compared to the national average, while those KIS in the other three metropolitan areas
show average paid salaries half this national figure. In fact, KIS are not necessarily activities enjoying
paid salaries above some activities, such as mining, extractive industries, and electricity generation.
Contrary to what is expected, KIS located in GMA (0.06), MMA (0.06), and PMA (0.05) receive salaries
with values very close to those obtained by the NKIS (0.04, 0.10, and 0.04, respectively). Even in MMA
the remunerations of KIS are lower than those obtained by the NKIS (Figure 4A).

Each category of KIS (analytical, synthetic, and symbolic) has different levels of average salaries
across large national metropolises. Synthetic KIS located in large cities are those that receive the
greatest benefits (0.15). However, this last characteristic only occurs in MCMA (0.20). The other three
metropolis have values below the median. In contrast, the benefits offered by the larger metropolis
seem not to operate in the analytical and symbolic KIS. In these two categories there are no substantive
differences between their national (0.09 and 0.06, respectively) and metropolitan averages (0.06 and
0.05, respectively); except for analytical KIS in MMA (0.14). In general, average paid salaries to
symbolic KIS employees are lower than the national median and very similar to the NKIS among the
four metropolises (Figure 4B).
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Figure 4. Mexico and four larger metropolitan areas: Salaries paid in services industries, 2004 and 2014.
(A) KIS and NKIS; (B) KIS by type of knowledge. Source: Table A2 in Appendix A.



Urban Sci. 2020, 4, 58 12 of 19

KIS experienced the most significant reduction in average salaries (−34.6%) between 2004 and
2014. The reduction was more pronounced in two of our metropolitan areas: MMA (−60.8) and GMA
(−37.7%). Different categories of KIS presented important losses: analytical and symbolic KIS in
MCMA, while synthetic and symbolic KIS in the other three metropolises. In contrast, the NKIS in
the four larger metropolitan areas had reductions below their national average (−20.2%) (Table A2 in
Appendix A). The result of these changes was a remuneration gap reduction between intensive and
non-intensive knowledge sectors in the larger national metropolis.

How to explain the higher productivities and salaries of electric production in the four metropolises?
First, their corporate and administrative offices tend to locate their activity and logistics in the larger
metropolitan areas analyzed; these are knowledge-intensive activities that have high productivities
and receive high salaries, but data are not available through the industrial classification system.
A second explanation is related to an accounting bias, since their financial activity is recorded in their
headquarters, while their production is carried out somewhere else. These two observations, far from
detracting from our analysis, underscore their importance within the urban economy.

The previous results indicate two “paradoxes” of KIS in the four larger metropolitan areas:
(i) although KIS have high levels of productivity, their salary levels are lower than the national median,
especially KIS synthetic and symbolic categories (only this is not the case in MCMA); and (ii) the
gap in productivity and wages between KIS and NKIS has narrowed. These results have important
implications in conceptual and economic policy terms on the idea of KIS as possible key activities in
the growth of larger Mexican cities. These results are contrary to what is identified by the literature on
this group of services in cities defined as central to the global economy. We present some reflections on
the latter in the next section.

5. Discussion and Concluding Remarks

Our analysis shows that being a small group of activities in terms of its employment size, KIS are
an important generator of value-added in the urban economy. In addition, KIS productivity levels
just below mining, extractive industries, and electricity generation is probably explained by the fact
that historically the Mexican economy was based in these industrial sectors for its development and
growth in the second half of the 20th century.

Despite its small size, the role of KIS in Mexico is comparable to Canada [17] or England [47]. KIS
location favors the larger metropolitan areas in the country (45% of employees and 74% of generated
value-added of service activities). Its concentrated pattern responds to the importance of agglomeration
economies and the strategic information and communication role they fulfill in the national and the
global economy [17]. These factors explain their high productivity and the salaries paid to their
employees, and show the positive impact of these metropolitan areas’ agglomeration economies.

However, except for salaries paid, KIS productivity, generation of value-added, and personnel are
not exactly associated with the size of the metropolitan areas. It seems that there is a gap between
these metropolitan areas. MCMA and MMA concentrate those KIS sub-branches that achieve higher
advantages in productivity and salaries paid. These differences imply that perhaps only those two
metropolitan economies have the necessary urbanization economy attributes to attract innovations
and technological skills to get involved in the global knowledge production dynamics. On the other
hand, GMA and PMA, the second and fourth cities in the country in terms of size, present levels
below the national average, which suggests that the KIS located in them do not have the adequate
conditions for their development. Specific studies of these two cities are necessary to know the causes
of their lag. Changes during 2004 and 2014 show important differences to what is to be expected
from the revised literature. Contrary to what has been mentioned by various researchers [28,81], who
have identified a growing productive and wage gap between KIS and NKIS, as is the case in the US
larger urban centers, an opposite trend occurs in Mexican larger metropolitan areas. Productivity and
salaries paid in KIS were relatively reduced and a converging tendency seems to be at work with NKIS
activities. This means that despite their high levels of qualification, KIS employees, especially those
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employed in synthetic and symbolic areas, have begun to have lower economic results and receive
salaries that are closer to those received by those employed in NKIS. Our results show that a fall in
relative advantages of location occurred in these metropolitan centers, which represents a “paradox”
for the possible definition and promotion of KIS as “engines” of development of the large cities of
Mexico. Previous results, however, should be further analyzed in the context of the evolution of the
national urban system and more precisely in the already too long cycle of slow economic growth the
Mexican economy has experienced.

This conclusion should be qualified when looking at the type of KIS activities. The conditions
offered by large cities for the development of KIS vary depending on the type of knowledge developed
by this type of service. Synthetic KIS show relatively higher productivity levels as well as higher
average salaries paid, especially in MCMA and MMA. Symbolic KIS show the lower relative values in
both measures in the four metropolitan areas, while analytical KIS show relatively higher salaries paid,
probably due to the attention the Mexican government gave to research and higher education and the
creation of scientific research centers during the period. This outcome indicates that in our “developing
country” context, synthetic and analytic KIS activities are better positioned to take advantage of a
spatial innovative milieu compared to symbolic knowledge intensive services.

Finally, yet importantly, our results qualify other proposals assuming linear relations between
economic performance based on location and size of cities. The evidence presented suggests that it is
not only size that determines the attraction of qualified jobs and innovative activities, but connectivity
and specific attributes of the urban milieu that allow exchange of knowledge as well as efficiency
in economic activities according to the type and intensity of knowledge required and developed by
these services. The exploratory character of this exercise presents, to our understanding, important
evidence of the role KIS could play in the peripheral urban centers of the world economy. We expect
other cities in the Global South, particularly in Latin América, could confirm our results. But it is still
necessary to focus in other cities within the national urban system (by size, distance from the main
metropolitan areas, and from the northern border, etc.) to weight their potential to develop high-tech
clusters and offer the innovative milieu to attract KIS. As Shearmur [82] pointed out, it is necessary to
identify spatial and technological factors determining results. In some cases, local conditions in small
towns near large urban centers offer opportunities for location of some phases in the development
of innovations. We would expect physical and/or virtual proximity might complement or substitute
exchange of knowledge the spatial urban milieu provides.
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Appendix A

Table A1. Mexico and metropolitan areas: Productivity by economic sectors, KIS and NKIS, 2004 and 2014 (millions of Mexican Pesos, 2012 = 100).

Absolut Growth

A B C D E F
A B C D E F

2004 2014 2004 2014 2004 2014 2004 2014 2004 2014 2004 2014

Total 0.31 0.27 0.35 0.30 0.38 0.33 0.24 0.19 0.36 0.33 0.28 0.24 −12.9 −12.9 −13.3 −21.6 −7.5 −12.0

Agriculture a 0.06 0.07 0.03 0.01 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 6.5 −72.5 −53.1 0.0 0.0 0.0

Mining and extraction 5.85 6.08 −0.08 −0.52 −0.37 −0.86 0.36 −0.05 0.41 0.61 0.14 0.13 4.0 588.3 131.5 −112.5 47.7 −10.4

Electricity 1.34 1.13 1.96 1.86 1.84 1.90 3.05 0.00 1.54 1.15 0.00 0.00 −15.5 −5.3 3.1 −100.0 −25.1 0.0

Construction 0.14 0.18 0.15 0.21 0.14 0.23 0.11 0.17 0.23 0.20 0.16 0.15 32.8 33.8 61.3 51.4 −13.4 −8.7

Manufacture 0.34 0.33 0.35 0.35 0.31 0.29 0.30 0.31 0.45 0.41 0.51 0.50 −1.9 −2.3 −4.4 1.4 −9.2 −3.4

Trade and transportation 0.18 0.15 0.23 0.18 0.24 0.18 0.22 0.16 0.26 0.19 0.16 0.15 −17.4 −23.1 −22.7 −26.4 −25.7 −7.8

Services b 0.29 0.21 0.44 0.32 0.53 0.37 0.14 0.11 0.32 0.36 0.13 0.09 −28.2 −26.6 −31.3 −24.6 15.3 −33.0

KIS c 0.66 0.42 1.05 0.68 1.27 0.78 0.19 0.18 0.54 0.76 0.28 0.11 −36.8 −35.3 −38.5 −9.1 41.2 −59.2

Analytical 0.22 0.16 0.29 0.18 0.28 0.19 0.28 0.17 0.42 0.20 0.18 0.17 −30.3 −37.4 −33.7 −38.8 −53.2 −8.2

Synthetic 0.84 0.56 1.33 0.94 1.59 1.12 0.17 0.20 0.59 0.91 0.38 0.09 −33.2 −29.3 −29.8 16.1 53.1 −75.3

Symbolic 0.31 0.16 0.41 0.18 0.44 0.20 0.16 0.08 0.42 0.14 0.16 0.06 −50.6 −55.6 −55.2 −50.4 −66.9 −61.8

NKIS d 0.18 0.15 0.21 0.22 0.23 0.24 0.13 0.09 0.24 0.27 0.09 0.08 −12.9 4.6 5.8 −31.3 9.7 −9.6

Descriptive Statistics

Average 1.09 1.07 0.49 0.37 0.46 0.35 0.55 0.11 0.46 0.45 0.17 0.14 −2.6 −24.0 −24.4 −80.4 −2.2 −17.0

Median 0.26 0.26 0.22 0.21 0.23 0.24 0.21 0.13 0.34 0.34 0.15 0.12 −1.4 −3.4 2.0 −39.3 0.4 −20.3

Maximum 5.85 6.08 1.96 1.86 1.84 1.90 3.05 0.31 1.54 1.15 0.51 0.50 4.0 −5.3 3.1 −89.9 −25.1 −3.4

3rd Quartile 0.83 0.60 0.53 0.43 0.55 0.41 0.32 0.17 0.47 0.65 0.19 0.15 −28.2 −18.7 −24.2 −47.1 36.8 −23.3

2nd Quartile 0.26 0.26 0.22 0.21 0.23 0.24 0.21 0.13 0.34 0.34 0.15 0.12 −1.4 −3.4 2.0 −39.3 0.4 −20.3

1st Quartile 0.17 0.15 0.12 0.14 0.12 0.14 0.13 0.00 0.24 0.20 0.07 0.06 −8.2 10.5 22.1 −100.0 −17.2 −8.3

Minimum 0.06 0.07 −0.08 −0.52 −0.37 −0.86 0.00 −0.05 0.00 0.00 0.00 0.00 6.5 588.3 131.5 0.0 0.0 0.0

Standard deviation 1.97 2.06 0.69 0.69 0.72 0.78 1.02 0.12 0.47 0.37 0.17 0.16 4.5 0.6 7.1 −88.4 −19.7 −6.8

Coef. Var. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.3 32.4 41.7 −40.7 −17.8 12.4

Note: A = Mexico; B = 4 Metropolis; C = Mexico City; D =Guadalajara; E = Monterrey; F = Puebla. a The economic sectors are defined in NAICS with two digits of disaggregation as:
(11) Agriculture; (21) Mining and extraction; (22) Electricity; (23) Construction; (31–32) Manufacture; and, (43, 46, 48 and 49) Trade and transportation. b Services is the sum of KIS and
NKIS. c KIS and their categories (analytical, synthetic, and symbolic) from Table 1. d NKIS is formed by the sub-branches (five digits) that are not defined as KIS of the following sectors:
(51) Information in mass media, (52) Financial an insurance services, (53) Real estate, (55) Corporate, (56) Business support services and waste management, (61) Educational services,
(62) Health and social assistance services, (71) Cultural, sport entertainment and recreational services, (72) Temporary accommodation and food services, and (81) Other services except
government activities. Source: [76,77].
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Table A2. Mexico and metropolitan areas: Salaries paid by economic sectors, KIS and NKIS, 2004 y 2014 (millions of Mexican Pesos, 2012 = 100).

Absolute Growth

A B C D E F
A B C D E F

2004 2014 2004 2014 2004 2014 2004 2014 2004 2014 2004 2014

Total 0.08 0.06 0.10 0.08 0.11 0.09 0.07 0.06 0.11 0.09 0.07 0.06 −18.3 −17.5 −17.2 −19.3 −19.3 −14.6

Agriculture a 0.02 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 −4.9 −79.3 −63.8 0.0 0.0 0.0

Mining and extraction 0.22 0.29 0.32 0.72 0.43 1.04 0.07 0.02 0.17 0.08 0.03 0.03 34.4 122.9 141.6 −76.3 −56.3 −16.6

Electricity 0.22 0.27 0.25 0.42 0.23 0.44 0.33 0.00 0.25 0.20 0.00 0.00 23.9 67.3 87.3 −100.0 −21.9 0.0

Construction 0.05 0.05 0.05 0.05 0.06 0.05 0.04 0.05 0.06 0.05 0.05 0.06 11.7 −4.1 −15.7 28.2 −9.6 25.7

Manufacture 0.10 0.09 0.12 0.10 0.12 0.10 0.09 0.08 0.14 0.11 0.11 0.10 −12.9 −15.6 −15.3 −12.6 −20.1 −8.8

Trade and transportation 0.05 0.04 0.07 0.05 0.07 0.05 0.05 0.04 0.07 0.06 0.04 0.03 −23.3 −31.3 −35.1 −23.0 −22.4 −22.2

Services b 0.08 0.06 0.11 0.09 0.13 0.09 0.06 0.05 0.11 0.09 0.05 0.04 −27.7 −24.1 −26.1 −18.2 −16.9 −17.2

KIS c 0.14 0.09 0.21 0.13 0.24 0.15 0.09 0.06 0.17 0.06 0.07 0.05 −34.6 −39.9 −35.5 −37.7 −60.8 −21.9

Analytical 0.14 0.09 0.17 0.10 0.17 0.10 0.17 0.11 0.22 0.14 0.08 0.09 −36.8 −37.4 −39.0 −38.2 −39.8 8.4

Synthetic 0.17 0.11 0.25 0.15 0.28 0.20 0.07 0.04 0.16 0.06 0.06 0.03 −35.1 −38.4 −29.8 −39.4 −65.0 −47.1

Symbolic 0.08 0.06 0.09 0.05 0.09 0.06 0.05 0.04 0.11 0.05 0.06 0.04 −25.4 −38.5 −37.1 −28.8 −56.5 −27.2

NKIS d 0.06 0.05 0.08 0.07 0.08 0.08 0.05 0.04 0.09 0.10 0.04 0.04 −20.2 −3.6 −6.8 −9.3 7.2 −14.3

Descriptive Statistics

Average 0.11 0.11 0.14 0.19 0.16 0.24 0.09 0.04 0.12 0.08 0.04 0.04 5.2 39.1 53.5 −59.5 −31.2 −9.7

Median 0.08 0.07 0.10 0.09 0.10 0.09 0.06 0.04 0.12 0.07 0.04 0.03 −13.7 −10.9 −11.9 −32.4 −39.2 −18.1

Maximum 0.22 0.29 0.32 0.72 0.43 1.04 0.33 0.08 0.25 0.20 0.11 0.10 32.0 122.9 141.6 −74.8 −21.9 −8.8

3rd Quartile 0.16 0.14 0.22 0.20 0.23 0.22 0.09 0.05 0.17 0.10 0.05 0.05 −14.4 −9.1 −4.2 −39.7 −39.8 6.2

2nd Quartile 0.08 0.07 0.10 0.09 0.10 0.09 0.06 0.04 0.12 0.07 0.04 0.03 −13.7 −10.9 −11.9 −32.4 −39.2 −18.1

1st Quartile 0.05 0.05 0.06 0.05 0.07 0.05 0.05 0.01 0.07 0.05 0.02 0.02 −4.7 −19.9 −26.6 −72.6 −19.7 −16.1

Minimum 0.02 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 −4.9 −79.3 −63.8 0.0 0.0 0.0

Standard deviation 0.08 0.11 0.11 0.25 0.14 0.35 0.10 0.03 0.08 0.06 0.04 0.03 36.5 124.7 154.2 −70.9 −27.9 −8.4

Coef. Var. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 29.8 61.6 65.6 −28.2 4.8 1.4

Note: A = Mexico; B = 4 Metropolis; C = Mexico City; D = Guadalajara; E = Monterrey; F = Puebla. a The economic sectors are defined in NAICS with two digits of disaggregation as:
(11) Agriculture; (21) Mining and extraction; (22) Electricity; (23) Construction; (31, 32) Manufacture; and, (43, 46, 48 and 49) Trade and transportation. b Services is the sum of KIS and
NKIS. c KIS and their categories (analytical, synthetic and symbolic) from Table 1. d NKIS is formed by the sub-branches (five digits) that are not defined as KIS of the following sectors:
(51) Information in mass media, (52) Financial an insurance services, (53) Real estate, (55) Corporate, (56) Business support services and waste management, (61) Educational services,
(62) Health and social assistance services, (71) Cultural, sport entertainment and recreational services, (72) Temporary accommodation and food services, and (81) Other services except
government activities. Source: [76,77].
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